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M&C Folio: GB3P290102 



Molecular Electronic Device Fabrioatioii Mdtods and Stnictures 



TMs i^veaticn generatly relates to impr^v^d methods of fabricating molecular 
eledronic devioeS:. m particular organic ebotronic devices such as organic light emittmg 
diodes (OLEDs) by droplet deposition techniques sucb a& iiik jet printing- The 
invention also relates to molecular device substrates fabricated by and/or use in such 
mediods. 

Orgaxdc ligjit emitting diodes (OLEDs) are a particularly advantageous form of electro- 
optic display. They are bright, coloitrful, fest-switchjiiig, provide a wide viewing angle 
and are easy and cheap to febricate on a variety of substrates^ Organic (which here 
includes organometalHc) LEDs tnay be fabrioated using either polymers or small 
molecules in a range of colours (or in multi-coloured displays), depending upon the 
materials used, A typical OLED device comprises two layers of Organic material, one 
of which is a layer of light emittiiig material such as a light emitting polymer (LEP), 
oligomer or a light emitting low molecular weight material, and the other of which is a 
layer of a hole transportiRg material such as a poiytfaiophene derf\'ative or a polyaoiline 
derivative. 

Organic LEDs may be deposited on a substrate in a raa&ix of pixels to form a singte or 
multiH^olour pixeliated dii^tey. A multicoloured display may be constructed usmg 
groups of red, green, and bins emitting pixels. So-called active matrix: displays have a 
memory element, typically a storage capacitor and a transistor, associated wi& each 
pixel whilst passive matrix; displays have no such memory element and instead are 
repetitively scaimed to j^ve the impression of a steady image. 

Figure 1 shows a vertical cross section thtough aa sample of an OLED device 100. In 
an active matrix display part of the srea of a pixel is Ocoitpied by associated j3rive 
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Circuitry (not shown in Figure 1). The structure of the device is somewhat simplified 
for the purposes of illustration. 



The OLED 100 comprises a subsixate 102, typically 0.7 mm or 1.1 mm glass but 
Qptionally clear plastic* on which an anode layer 106 has beea d^osited. The anode 
layer typically comprises aioand ISO ma. thic W of ITO (indium tin oxide), 
whi^h is provided ametal coM layer, typically aroimd SOQrtm of almaiaimn. 
sometimes tefenned to ^ anode xretal. Glass substi^es coated ^fh ITO and contact 
mefal may be pmrhased from Coming. USA. The contact metal (and optionaHy ihe 
rrO) is patterned as desired, sjjd so fliat it does not <ibscure the display, by a 
conventional process of photolifhogr^hy followed by etching. 

A substantially transparent hole Uansport layer 108a is provided over die anode a^etal, 
fcllowedbyaneleotroluminescentkyBrlOSb. Banks 112 may be formed on the 
suDstratc. for example fiom positive or negative photoresist material, to define wells 
1 14 into which these active organic layers may be selectively deposited, for example by 
a droplet deposition or inkjet printing tedmique. tho weUs thus define Ught emitting 
areas or pixels of the display. 

AcaihodelayernOisthenaRpIiedby.say.physicalvapourdeposition. Acatoode 
layor typically comprises a low woA function metal such as calcinm or barimn coveted 
with a tWcIcer, capping layer of dumininm and optionally including an additional layer 
umnediately adjacent the electroluminescent layer, such as a layer of lithiim, fluoride 
fbrmxpn,vedelBcta,nenergylevelmatching. Mutual electrical isolation of cathode ^ " 
Imcs may achieved through the use of cathode separators (element 302 of Fignre 3b) 
Typically a number of displays are fabricated on a single substrate and at the end of fte 

fabncation process the substrate is scribed, and the displays sq,arated before an 
encapsnlating can is attached to each to mbibit oxidation «nd moisture mgr^. 

Org^ic L-EDs of this genial tj^e may he fabricated ««ing a range of materials 
n^cMingpoIyme^, d«ndrima:s,^d so-called small molecules, !^ 
wavelength, varying drive voltages and efficiencies. Exan^lcs of polj^er-based 
^^ZT'^"^^ ^ ^^"^"^^ ^« WO90/1314S, WO^5/06400 and WO99/48160- 
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examples of dendrimer-based materials are described in WO 99/21935 and WO 
02/067343; and examples of small molecule OLBD materials are described in 
US4^539,507, The aforementioned polymers, dendrimers and small molecules emit 
light by radiative decay of singlet excitons (fluorescraice). However, irp to 75% of 
excitons are triplet excitons which noimally undergo non-radiative decay. 
Eleotrolvranescence by radiative decay of triplet excitons (phosphoresceisoe) is 
disclosed in, for exaisplis* "Very Mgfa-efffciettcy green organic light-emitting devices 
based on electrophosphorescence** MA. Baldo, S. Lamansfcy, P.E. Burrows, M.E. 
Thompson* and S,EL Fonrest Applied Physios Letters, ,Vol 75(1) pp.4-6, July 5, 
In the case of a polytmer-based OLBD layers 108 comprise a hole transport layer 1 08a 
and a light emittiiig polymer (LEP) electroluminescent layer lOSb. The 
electroluminesceiLt layer may comprise, for example* around 7Qmn (dry) thiotomess of 
PPV (poly(jp-p}ienyle!neviaylene)) and the hole transport layer, which helps match the 
hole energy levels of the anode layer and of the electroluminescent layer, may comprise, 
for example, around 50-200 run, preferably around 1 50 mn (dry) thickness of 
PEDOT:PSS (polystyrene-sulphonate-doped polyethylene-dioxy£hiophene)- 

Figure 2 shows a view from above (that is, not through the substrate) of a portion of a 
three-colour active matrix pixellated OLED display .200 after deposition of one ofihe 
active colour layers. The figure shows an array of banks 1 12 md wells 1 14 defimng 
pixels of the display. 

Figure shows a view from above of a substrate 300 for inlget printing a passive 
matrix OLED display* Figure 3b shows a otoss-section through the stibstrate of figure 
3a along line Y-Y\ 

Referring to figures 3a and 3b, the substrate is provided with a plxjjality of cathode 
undercut separators 302 to separate adjacent cathode liaes (which y/ill be deposited in 
regions 304), A pltErality of wells iOS is defined by banks 310, constructed around the 
perimeter of each well 308 and leaving an anode layer 306 exposed at the base of the 
welL The edges or faces of the banks are tapered onto the surface of the substrate as 
shown, heretofore at an angle of between 10 md 40 degrees. The baiiks preseat a 
hydrophobic surface in order that they are not wetted by the solution of deposited 
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organic material md flius assist in containing the deposited material within a well This 
is achieved by freatment of a bank material such as polyimide wifh an O^/CF* plasma as 
dieolcsed m BP 0989778, Alternatively, theplaana treatment step maybe avoided by 
use of a fluorinated material such as a iluorinated polyimide as disclosed in WO 
03/083960. 



As previously mentioned, the bank and sepat^r stmctures may be formed fit>m resist 
mat^iai, for example using a positive (ornesattve) resist for the banks and a negative 
(or positive) resist for the separators; both these resists may be based upon polyimide 
and spin coal«d onto.the subslrate, or a fltiorinated or fluorinated-lifce photoresist may 
be employed. lii die example shown the cathode sepax^tors are aixjimd 5 in height 
and approximately 20 wide. Banks are generally between 20 pxn and 100 Mm in 
Width aad in tJie example shov«. We a 4 Mm taper at each edge (so tiiat flxe banks are 
aiOTOd iMm in height). The pixels of Figure 3a ar^ approximately 300 ixm square but. 
as described later, the si^e of apixel can vary considerably, depending upon Che 
intended apph'catlon. 

Tedhniques for the deposition of matedal for otganio light «mtting diodes (OLEDs) 
i^mg ink jet printing techniques are described in a nuinber of documents including for 
ex^ple, T.R Hebner, C.C Wu, D. Mancy, m JI. Lu and 3.C. gtn«a. "Infc-jet Printing 
of doped Polymers ibr Organic U^Emittij^gDevioes^^Pi'/i^rfPAj^,-^,^^^^^ V^j 
72, No. 5. pp.519- 521. 199S; Y. Yang, "Review of Recent Progress on Polymer 
Electrolmmnescent Devices," SP/E/»Wics We^: Optoelectronic^ '98. Conf. 3279 
San Jose, Jan.. 1998; EP O SSO 303; and "Ink-Jet Printing of Polj^c. Li^t-Emitting' 

Devices^ Paul C.Duinev.ld,Margre^M:deKolc, Michael Eueche,,AadH,S 
Ke^ A.H. Mutsa^rs, Peter van de Weijer, Ivo G.J. C^ps. Ton J.M. van den Biggela^ 
Jan-Eric JM, Rubmgh and Eliav L Haskal, Organic li^-Mttins Materia, 
Devices V, Zakya H. Kafafi, Bdifpr. Proceedings Of SPm Vol. 4464 ^2002) Mc jet 
techmques can be used to d^sit materiab for both smaU n^okcule and polymer LEDs. 

A volatile solvent is g^n^afly ^^^^ ^ , ^^^^^^ 

to 4% dissolved solvent material. Uris can lake anything b^een a .eoonds 

VACataMge Cases\PJlW\OBP2901O2\GBP290102 Specification - S.2-04.doc 
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mi a few minutes to dry and results in a relatively limi film in comparison with the 
imtial "ink** volume* Often multiple drops are deposated, preferably before drying 
begins, to provide suJESdent thickness of dry material Solvents which may be used 
inclttde cyclohexyibenzene and alkylated benzenes, in particular toluene or xylene; 
olher^ are d-^scribed in WO 00/59267. WO 01/16251 and WO 02/18513; a solvent 
comprising a hlend of fh^se may also be employed. Precision ink jet printers such as 
maoMaes fi?om Litrex Corporation of Califomia^ USA are used; suitable print heads are 
available from Xaar of Cambridge, UK and Spectra, Inc. of >1H, USA. Some 
particularly advantageous print strategies are described in the applicant's UK patont 
application number 0227778.S filed on 2S^ November 2002. 

MJeit printing has many advantages for the deposition of matmals for moleciddr 
electronic devices but there are also some drawbacks assooiat&d with the technique. As 
pre^ously mentioned the photoresist banks defining the wells have until nov/ tapered to 
form a shallow angle, typically around 15*, with the substrate. However it has been 
found that dissolved molecular electronic material deposited into a well with shallow 
edges dries to form a jalm with a relatively thin edge. Figures 4a and 4b iUustrate this 
process. 

Figure 4a sho w$ simplified cross section 400 through a well 308 filled with dissolved 

material 402, and flgitre 4b shows the same well aiier £h$ material has dri^d to form a 

soKd film 404. Jh this example the bank aiigle is approxitnatoly 15^ and the bank height 

is approximately 1 ,5fi m. As can be seen a well is generally filled until it is brirnioing 

over. The soluticm 402 ha^ a contact angle 6 o with the plasma treated bank material of 

typically belween 30° and 40* for example aroiiod 3S^; this is the angle the surface of 

the dissolved material 402 makes with the (bank) material it contacts^ for example angle 

402a in figure 4a. As the solvent evaporates the solution becotftcs more concentrated 

m^i the surface of th& solution moves down the tapering face of a bank towards the 

substrate; pinning of the drying edge can occur at a point between ttie initially landed 

wet edge and th© foot of the bank (base of the well) on the substrate. The result, shown 

in figure 4b^ h that the film of dry material 404 can be very thin^ for example of the 

ordearof lOnm or less, in aregion 404a where it meets the fees of a bank. In practice 

drying is cpraiplicated by other effects such as the coffee ring - effect. With this effect 
V:\Canibiidge Ca«s\PJMU3BP29OlQ2VOB!P20OlO2 Specificatioti- 5-2-04.doc 
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l,6cau$e the thickness of solution is less at the edge of a drop than in the centre, as the 
edge dries the concentration of dissolved material there increases. Because the edge 
tends to be pimed solution th«i flovre fiom the centre of the drop towards the edge to 
reduce the concemrationgradiam lliis effect can result in dissolved material tending to 
be deposited in a ring rather to wjifomily. The physios of the interactions of a drying 
solution with 3 surface are estramely complicated and a complete theojy still awaits 
developmeat 

Anotiier drawback of banks wia a long-shallow taper is that an iflOcjet droplet that does 
not fell exacfly into a well but instead lands mpart on the slope of the bank can dry in 
place, resulting in non-imifoimities in the end display. 

A fbither problem with inkjct d^sition arises when filling wells which are large 
compared with the siae of an inlget droplet A typical droplet &om an inlget print head 
has adiameta- of ^jproximately of SOjwm in flight and the droplet grows to 
appn»dmately lOO/on in diameter when it lands and wets out However it is difHcult to 
produce drops of, say IQOfim in diameter (in flight) &om a print head. 

Filling a or pixel of a similar size ^ a drop presents little problem as when the drop 
tods it spreads ont and fiHg the weE. This is illustrated in figme 5a which shows a 
weU 500 fora long fliin pixel of a type which is typically nsed in a RGB (red green 
blue)display. InlheeKanipieoffigureSathepixelhasawidthofSOfmiaadalengttiof 
ISO^iffi with 20^m wide banks (giving a 70^mi pixel pitdh and a 210^ fo^ 
pitch). Suchawellcanbefilledbythree50^tmdroplets502a.b.casshown. Referring 
BOW to figure 5b flais shows a well 51 0 for a pixel Which is approximately fonr times . 
larger thaa each dimension giving a pixel width of ^ximately 200Mm. more suitable 
for applications snch as a colour televisiott. As can be se^ Sx>m &e figure, many 
droplets 512 are needed to &Ji snch apixeL inpractiee, these te*^to coalesce lo fonn a 
larger droplet 514 which tends not io pro|>erly SU cou^ of lie pixel (althou^ Kgaies 
5a and 5b and idealised and, in practipe. the comers are not gai«ally as sharp as ifaey 
ate shown). One way around this pr oblaai is to sufficiently over fiU the weU that the 
dissolved material well is pushed into the comers, this can be achieved by using a large 
ni^ber of dilute droplets and a high barrier around the weD. Technioiies for deno^fHu^r 
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large volumes of liquid are described in WOa3/065474. which clescribes Hie wse of vwy 
fai^ bairieis (for examples at page 8 lines 8 to 20) to allow tfe© wells to hold a large 
volume of liquid without Ihe liquid overflowing to adjacent wells. However sash 
structures caimot easily be formed by photolithogr^hy and instead a plastic substrate is 
embossed or injection moulded. It is also desirable to be able to fiU a well vsiag fewer 
(higher concmtration) droplets as this enables, inter aHa faster printiag. 

According to a first aspect of the present invention there is tiierefore provided a method 
of fabricating amolecttlar electronic device, flbe method comprising: fabiicating a 
substrate having a pluraUty of banks deflnhig wells for ifoe deposition of molecular 
material; and depositing molecular electronic material into said wells, dissolved in a 
solvent using a droplet deposition technique, to fabricate said device; wherean a said 
bank has a fece, defirang an edge of said weU, at an aagle to a base of the well of greater 
than a contact angle of said solvent with said bank face; and wherein a height of a said 
bank above a said base of a said well is less than 2m, and more preferably less than 
1.5/on. 

& another aspect l3ie invention therefore provides a method of fabricating a molecular 
electronio device, the m&thod comprising: fabricating a substrate having a plurality of 
banks defining wells for the deposition of molecular material; and depositing molecular 
electronic material into said wells, dissolved in a solvent, using a droplet deposition 
technique, to fabricate said device; wherein a said bank has a face, defining an edge of 
said well, at an angle to a base of the well of greater than a contact angle of said solvent 
with said bank face; and wherein said method fimher comprises deteimining a number 
of droplete to deposit into a said well taking account of a tendency for said dissolved 
material to be drawn along a said bank face by surface wetting. 

hs embodimente angling flie face of a bank at greater than the contact angle of the 
solvent in which the molepular eleotronic material is dissolved (the sohaion contact 
angle is viitually fte same) tiie diwolved matwial is drawn along the bank face, thus 
helpmg to m the well and the number of droplets to deposit can then be detemiined 
takmgthis into account Morepaxticttlarly a reduced number of droplets with ahighea- 
concentration ofmaterialmaybE employed to provide a film of a giveaj diydiickness 

VACambridgaCases\I>JM\GBP2f>0J0a\G»)f'2P0lO2Sp«ificad«»-5-2-O4.dM 
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to wh^ a back is angled at less to the contact angle of the solvent. The method 
may include depositing at least one droplet of dissolved material such that whai it lands 
it spreads out and touches a bank face and is flius drawn abng a well edge, for example 
towards a comer. Alternatively however droplets may simply be deposited into a 
middle of a well untilapool grows sumciently to touch a bank whereupon the 
solvent is again drawn along abank laoe and towards ti»e comerof a wdl. i»referably 
the height of a bank on the substrate, or more particularly over m electrode layer such 
as an anode layer is feerefore less lhan 2^an, more pref^iy less flian L5/(m» of hOfm. 

Preferably toe banks are feimed fi-om photoresist. A single %er of photoreaisi, in 
particular negative photoreaiat maybe employed. The photoresist may be patt^ed by 
any oanventional lithogmphic procedure for example, using amask or dinsct-write 
technology. 

thus m a &rther aspect flie invaition provides a method of febricating a molecular 
eieciromo device, Ifae method conqwising: &bricating a substrate having a plurality of 
banks defining weUs for the deposition of molecular material; and depositing molecular 
elecixonic material into said wells, dissolved in a solvent, using a droplet deposition 
technique, to fabricate said device; wherein a said bank has a face, defining an edge of 
said well, at an angle to a base, of the weU of greater than a contact angle of said solvent 
with said bank face; and wherein said method further comprises lithosri9>McaUy 
forming said banks fiom photoresist. 

In prefen«d embodiments of the above described methods a bank face angle is at least 
40* or 50' and may be up to 90- or, ia some embodiments, greater than 90-. Angles 
greater than 90- ooirespond to a bank face which is undercut, over hanging the base of 
the well This is a particularly preferred arrangement because of flie behaviour of the 
solvent in Ihe vicinity of such a structure (described in more detail later) which, broadly 
speaking, dra^vs the solvent into and onto the overiiang without removing excessive 
quantities of solvent firom the middle of a wdl. 



V:\CBmLridge Qb««PJM\GBP290102\OBP290102 SpecijEioatioii - 5-2^4.dM 
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In a first related aspect iJie invention further provides a me&od as claimed in any 
preceding claim wherein said depositing comprises d^siting droplets Which, on 
deposition, incompletely fill a said ^veU in a lateral plane of said substrate. 

fe a second related aspect the invention provides a substEUte fbr a molecular electronic 
device, die substrate having a plurality of banks defining wdfe for the deposition of 
molecular electronic material, v<?lier«in a said bank has a i^e, defining an edge of a said 
well, at an angle to a base of said well, of greatea: than 30 degrees, and wherein a height 
of said bank above a said base of said well is less ifaan 2^an. and more preferably less 
than LSpcax. 

The mvention also provides ame&od of fabricating amolecular electroaio d^ice. the 
method comprising: febricating a substrate having a ph«^ty of baid^s defining wells 
for the deposition of molecular material; and depositing molecidar electronic material 
into said weUs. dissolved in a solvent, using a droplet deposition technique, to fabricate 
said device; wherein a said bank has a fece, defining an edge of said well, at an angle to 
a base of (he wdl of greater than a contact angle of said solvent with said bank face; and 
whanein said method fimher comprises depositing droplets of dissolved molecular * 

electronic material into a said well such fiiat they incompletely cover the base of (he 
well and are spread to cover Ihe base of the well by capillary tetion. 

In another aspect instead of detennining a number of droplets taking into accoimt Ihe 
tendency for surface wetting the method comprises depositing droplets of dissolved 
molecular electronic material into a said well such that their comhmed voW is less 
than or equal to, and preferably less than, a volume of the w^. 

These techniques are advantageous when filling relatively large pixels, that is pixels 
with lateraJ dimensions greater than a droplet diameter, particular there is a weD 
Perimeter/Ai^a (P/A) ratio efiFect whereby above a thred«>ld ratio or limil^ that is for a 
l^gerperiq,^^, a positivdy angled bank sidewaU wiU provide enough "wicking" to 
wet the ink out along the edges (rather than needing an nndercut batik). ITie particular 
P/A ratio needed for a given positive bank/sidewall angle depeafe upon the materials 
"^^^"^'^ -^^^^ and can be 
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detenniiied by routine essperiment More particularly the main parameters to be taken 
into account are ±e contact angle of the ink being printed and the ink drying rat^ 
(viscosity change and ev^oration rate balance)^ otiier parameters include print 
temperature, drying temperature^, drying vacuum rate, and the like, and fiie extent of 
*'ooffee-iiaginjg" (more coffee-ringing implying that a lower P/A ratio is iicoeptable to 
achieve reliable complete filling)* Broadly speakingp however, higher bank angles 
require a lower P/A ratio for wicking into ftie corner axid hence $ubstantially complete 
well fillbig. 

Thus in toofher aspect the iavciitioii provides a me^thod of febrici^ting a molecular 
electronic device, the method comprising: fabricating a substrate imving a plurality of 
banks defining wells for the deposition of molecular material, a said well having a well 
base area and a well perimeter* a said bank having a face* defining an edge of a said 
well, at an angle to a base of the well; and depositing molecular electronic anaterial into 
said wells* dissolved in a solvent, using a droplet deposition technique^ to fabricate said 
device; wherein said bank angle and a ratio of said weU perimeter to said well base area 
are selected such that a droplet deposited on or adjacent a said well edge is spread by 
wicking along said well edge. 

Preferably the molecular electronic device comprise an organic light emitting diod&- 
display device. The solvents in the above described methods may Ihen comprise an 
organic or apolar solvent, for example benzene-based solvents, and ihe banks may have 
a hydro-phobic, for example fiuorinated;, surface. 

These and other aspects of the present invmtion will now be ftrrther described^ byway 
of example only, with rsfereaice to the accompanying figures in which : 

Figar& 1 shows a vertical cross section through an example of an OLED device; 

Figure 2 shows a view ftom above of a portion of a three colour pixelated OLED 
display; 
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Figures 3a and 3b show a view from above and a cross-sectional view respectively of a 
passive matrix OLED display; 

Figures 4a and 4b show a simplified cross section of a well of an OLKD display 
substrate fiUed witii, respectively, dissolved matwial, and diy inaterisJi; 

Figures 5a and 5b show examples of filling a anail pixel and a large pixel respectively 
wiiJi droplets of dissolved OLED material; 

Figures 6a to 6d show examples of well-filling accarfing to embodim^aits of .ttie present 
inventior^ and 

Fignies 7a to 7e show, respectively, an lUosfrating qf sm-fece fbtces for a liqmd droplet 
on a solid suifece, and a set of figures showing effects of progressively increasing the 
angle a bank &ce makes with a substrate. 

Referring now to figure 6a, this shows a simplified verticai cross-section through a well 
60S of a substrate 600 according to an embodiment of the present invention. The 
sub^ate mcludes an anode layer 606 on which are fornied banks 610, faces 610a of the 
banks defining wall of well 60S. As can be seen &e feces 610a of banks 610 overhang 
the base ofdie well 60S. Inthe substrate 600 of figure 6a the bank angle is 
. ^PP^^'d^^atelylSS^ that is -45- and height ofa bank is approximately 0.6^^ . 
6a the wen is fiUed with a soktiou 602 of OLED material which, in this example, brims 
over the top of the well and foims a contact angle of approximately 35^ with the top. 
surface of a bank. Figure 6b shows the same substmte and well after the solveot has • 
evaporated to leave adr^fihn 604 with thematerial together with small deposits on the 
tops ofthe banks adjacesnt the well-defining faces. 

As can be seen from figures 6a and 6b capUIa^ force around the pixel well edge 
pulls the mk 602 into the edg., pf tfe. well, also giving good wetting into the well 
com^ (m shown in figures 6a and 6b> albeit with a slight ink overspill. Furth«more 
maccuiately placed droplets which land across the bank tend to be drawn into the weU 
i^er ft^ di^ng m the bank. These efffects are achieved with bank angles which are 
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greater than the contact angle of the mlcjet dixjplet. Ih praotioe this means angles of 40-* 
or more, that is steep "positive^ angles and "negative" angles. The degree to which 
md is pulled towards to the edges of a well depends upon the angle of the bank, the 
viscosity of the fluid, and the contact angle of the fluid with the bank. A smtable aingle 
can be detennined by loutme experiment, febricaring a range of ^ells vyitJt m^mt 
banfcfaoeangiest05BewMditBsuI1siatheoptim«mpecrg^ GeneraUyttis 
desirable to obtain a snbstantfaUy flat dry film 604 without too much material being 
drawn towaida the edges of a well, thinning the film m the middle. The choice of a 
suitable.bank fece angle is described fiather below with reference to figure 7. 

Referring back to figure 5b it can be seen fliat a drop 514 of dissolved material fomied 
from a plmality of smaller droplets, once it grows to touch the sides of a well, will tend 
to be drawn into llie comers. This allows molecular ekctronic material to be deposited 
into a wen by means of an incomplete filling method, that is where droplets are 
deposited so that they inccanpletely fill the well, and are Ifaen distributed to fill the weU 
by capillary action. 



To febrioate the undercut banks ^ovm in figures €a and 5b a variety of techniques may 
be en^loyed i^eferably a photod^nable polymer or photoresist such as polyimide or 
an acrylic photoresist is lithographically patterned using a mask or reticle and then • • 
developed to produce a desired bank face angle. Either a positive or a negative 
photoresist may be employed (for example there are image reversal methods which may 
be employed to reverse an image Ln a positive resist). To obtmn an undercut photoresist 
thephotoresist,mayfaeundeKoroyer.)expoSedandoYe«JeveIoped; optionaUyan 

und^cutprofikmaybeassistedbysoakingmasolveatpriortodevelopment Hie 
skilled person will be aware that liiere are many variations of diebasic spin, ejcpose, 
bake, develop, and rinse procedure u.ed in photolithography (see, for example, A. ' 
Reiser, Ph^toreaciive Polymers, Wiley. New York, 1989. page 39, hereby incorporated 
by reference). Some particularly suitable resist materials are available fiom Zeon 
Corporation of J^an, who supply materials adapted for the febrication of organic 
dectroluminescent displays (negative resist materials in the EUC series, andpositive 
resist materials ia the WZX series). 
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■n^e height of the resist banks 610 is preferably less than or equal to iJlpm, more 
preferably in the range 0.5 to 1 .0 ^mi, althoHgh lowef height baiiks, for example down to 
0.45 /an or even less may be employed. 

It is has been observed that at the lower end of tite preferred (hidmess range, witfe 
undercut banks, the edge of a bank tends to turn up sHghtiy io afenn a lip, as sho^ in 
figDiBs 6c and 6d. wHcb may improve containment of ink within & well. The 
fonnation of such a lip may be related to stress relief wi«Bn the bank structure. 

Hgure 7a illustrates some of ihe forces wbidh ad at the edge of an intecfece between a 
solid 700 and a drop of liqdd 70Z The edge of the diop of liquid makes an angle 0 
wiHi the sor&ce of die solid and this angle is elated to flie surfefie t^ision of the liquid 
a« and to the solid (-vapour) surface energy (energy per rait ai^) a, aiid soHd-liqtiid 
surfece energy Ogi by the equaticai 

«rrtCos5 + tf,,-ff. Equatiottl 
TMs equafiton is helpful in understandbg figuies 7b to 7e described below. 

Figures 7b to 7e (not to scale) show effects of pragressive iiicrease bank face stee^ess; 
like elan»«nts offigu.e 6 are indicated by like refex^cenrnneo^s. For each figure the ' 
left hand diagram illustrates a vertical cross seotion through a bank face forming the 
edge of a well containing dissolved moleeolar material 602. The centre diagram depicts 
the configuration of a drop straddling the bank edge, that is half on the bank face and 
half on the underlying anode. The right hand diagram shows a graph of fife, thickness 
(t) against distance (d) away from the bank fece for a corresponding dry fihn; the origin 
on the distance axis corresponds to thepoint at which the bank fecemeets &a well base 
(anodelayer). Howev^, as previously motioned with i^raice to Figures 3a and 3b, 
the banks are constructed from material and/or treated such that fliey tend not fo be 
wetted by the ink solution, so that there is an inherent tendency for the ink to recede 
back off the bank raJher than to remain straddling the bank. 



i 
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Refming first to figure 7b, this shows a bank having an angle of ^proximately 15° to 
the underlying subslrate, &e liquid drop contacting the few oftbs bank at 
approximately 35^ The graph on the light hand side indicates that fee thickness 
diminishes towards the bank, sometimes to 0 resnteing in a short between the anode and 
the cathode and a dim or missing pixel. Wh^re a drop straddles the bank edge the edg^s 
of the drap tend to bepulled sKgMy inwaids as shown m the c&atr^ diagmi. 

Figure 7o *ows a bank with a face at ?aibstantially the same angle as the contact angle 
of the solvent 602, resulting in a substantiany fiat fihn as can been seen &om the 
thickness-distance gcapk A drop straddling the bank-substrate boimdaty is 
subsl^lly nndistorted. The effect of graduaUy iner«aaing the angle of die bank face 
is shown by the daahed lines, tins tending to pull the solvent up adjacent the face 
resulting in an increase in dry fihn thickness adjacent the face and a decrease elsewhere. 
As the ste«?Kiess of the bank fece increases feae is a gmduaJ change to the situation in 
figure7d,where1hebank^i8at90<'tothesubsirate. Here a sigmficant voW of 
flie dissolved material is drawn np adjacent to the bank face resulting in a significant 
decrease iMckness away from the edges of the well, a generally undesirable situation. 
However it can be seen W the c^t^ diagram tfiat the.^ is some ternlency for the fluid 
of the drop to be drawn out by capillary action along the batik face-substrate boundaty 
m some cases, for example PEDOT printed at high tempemture. the thickness dip can 
be extreme, pving a very tbin layer close to (bnt not at) the pixel well edge. 

Figure 7e shows a bank 6 10 with an ondercot or overhanging face. In the example 
shown the face is at «n angle of -35% that is tilted away from the vertical by an angle 
substantially equal to the contact angle of the solvent, althou^ other negative or 
mxdercut angles give similar effects. In this case the behaviom- of the dissolved material 
602 IS different in character to that of 7d- in o&er^smrds there is a discontinuity in 
behaviour between the bank &ce configurations of figures 7d and 7e. In fignre 7e 
^Ithpugh ^Iv^ti. drawn up under the edge ofthe bank fece much less solvent is drav«n 
&ora the zniddl. of th. well a«d thu., aa can be seen in the thickness-distauce gr^h on 
the nght hand side, the dry fihn thickness is significantly greater than is the caae for a 
vertical fece. The precise behaviour of the solvent as it dries is complex and a 

*^ alternative dashed lines in the thickness 
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distmce graph. Thus the dry iihn thickness depends upon the hdght of the bank, the 
baiik angle> fhe solvent evaporatioa (drying stage) conditions and the extent of any 
coflTee-ring effect (also aSectadhy the ink formuIalion> for example the solid contoit 
and molecular weight) and can be determined by raperiment (for example by preparing 
films imdj^ a rmge of conditions thickness-distance gf&ph^ using an intetferometar, for 
example from Zygo Corporation of Connscticut^ USA* Ilsferring to the centre diagram 
of figare 7e it can also be seen that there is a significant tendency for solvent carrying 
dissolved matedal to be drawn out from the sides of the drop along the iind^ut of the 
bank face, which is usefUl for obtaining substantially complete well-filling firom 
incomplete or partial filling of a well by droplet deposition. Referring to equation 1 
above and to figcpre 7a, broadly speaking in ttie "ears"^ of fiie dropM 9 is reduced so that 
cos d increasesji effectively reducing the surface tension pulling the drop towards a more 
rounded shape. 

The skilled person will recognised that fhe above described techniques are not limited to 
use in ihe febiication of cranio light emitting diodes (small molecules or polymer) but 
may be employed in the f^rication of any type of molecular electronic device in which 
material is dissolved in a solvent and deposited by a droplet deposition technique. No 
doubt many ejGFective alternatives will occur to &e skilled person and it will be 
understand that the invention is not limited to the descdbed embodiments encompasses 
modifications apparent to titwse skilled in the art lying within the scope of the claims 
appended hereto. 
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CLAIMS: 

1. A method of fabricating a molecular eiectromc device, the method comprising: 

fabricating a sQ-bstrate hsviag a plwraliiy of banks defining wdls Sot fee 
deposition of molecular material; and 

depositing molecular electrom'c material into said wells, dissolved in a solvent, 
using a dioplet deposition techm'que, to fitbricate said device; 

wherdn a said bank has a face, defining an edge of said well, at m mgi.e to a 
base of the well of greater liian a contact angle of said solvent wife said banfcfece; and 

wherein a heigh.t of a said bank above a said base of a said wdl is loss than 2paxx, 
and more preferably less tibian 1.5^em. 

2. A metiiod as tdaimed in claim 1 wherein a height ofa said bank above a said 
base of a said well is less liiaa l^an 

3. A method of febiicating a molecular electronic device, the method compdsiag; 
ideating a substrate having a plurality of banks defining wells for the 

deposition of molecular mataial; and 

depositing molecular electronic material Into said wells, dissolved in a soIvKii, 
using a droplet deposition technique, to fabricate said device; 

whetdn a said bank has a face, defining an edge of said well, at &n togle to a 
base of the weU of greater than a contact angle of said solvent witti said bank face; and 

wherein said mefliod fbrther comprises detennining a number of drorpletB to 
deposit mto a said weD taking aocoimt of a tendency for said dissolved material to be 
drawn along a said bank fece by surface wetting. 



4. 



A method as claimed in claim 3 further comprismg depositing at least 



One 



droplet of dissolved molecular electo^nic material such that on deposition it ^ads to 

touch, a said bank face. 
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5. A method as claimed in claim 3 or 4 wherein a height of a said bank above a 
said base of a said wall is less 2/hw, and moie preferably less tisn 1.5/ttn, 

6. A method as claimed ra any one of claims 1 to 5 fiirther oomprisiag 
lithographically foixniag said banks &om a phcrtoreBist 

7. A meaod of M>rioat!iig a molecular elestomie device, the ra^pd oorapiising: 
febricatmg a anbstrate having a plurality of baijks defining wells fbr the 

deposition of molecular matenal; and 

depositing molecular electronic material into said wells, dissolved in a solveait, 
using a droplet deposition teclmiquej to fabricate said device; 

wherein a said bank has a fece, defining an edge of said well, at aa angle to a 
tiase of the well of greater than a contact angle of said solvent wifli said bank faoe; and 

whaein said raefhnd fhrfher coirqEwises lithographicalfy forniimg said banks from 
photoFKist 

S. A method as claimed in claim 6 or 7 wheirein said photoresist comprises a single 
layarof negative phofco-esist. 

9. A medKjd as claimed in any preceding claim wherein a said bank face angle is at 
least 40 degrees. 

10. A method as claimed in any preceding claim wherein a said bank face is 
undercut. 

n. A method as daimed in anyprecediag claim wherein said depositing coraporises 
depositing droplets which, on deposition, incompletely fill a said well in a lateral plane 
of said subsfrate. 

1 2, A substrate for a molecular electronic device, the substrate having a plurality of 
banks defining wells for the deposition of molecular elecfttsmc material, wherein a said 
bank h$$ a face, defining an edge of said well, at an angle to a base of the well of greater 
tJian 40 degrees, and wherein said bank is liftographically foimed fiom photoresist 

VACanilfridge Casia!tf>JMSaBP290102\GBP290a02 Sfiecificsiton - 5-2-M.doG 
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13. A substrate as claimed in claim 12 wherein a height of a said bank above a base 
of a said well is less than 2^«n» and more preferably less than 1 .5fm. 

14. A substrate for a laolecnlar electronic device, the substrate having a plurality of 
hmk$ defiiang wells for the deposition of molecular electranic material, wherdtt a said • 
batik has a face, defining an edge of a said well, at an an^ to a base of said well* of 
greater than 30 degrees, aad whef^ a hei^t of sdd bank above a said base of said well 
is less thaa Ifxaij, and more preferably less than 1 ♦5^. 

15. A substrate as claimed in claim 14 wherein said bank is lifhographically jformed 
fix)m photoresist. 

16. A substrate as claimed in claimed in claim 12* 13 or 15 wherein said photoresist 
comprises a single layer of preferably negative photoresist. 

17. A substrate as claimed in anyone of claims 12 to 16 'whfefein a said hsnk face 
angle i? greater than 40 degrees. 

1 8- A snbstrate as claimed m any one of claims 12 to 16 wherein a said bank fece 
angl6 is und^ut. 

19- A molecular electronic device including the substrate of any one of claims 
12 to 18. 

20^ A substrate, method or device as claimed in any preceding claim wherein said 
molecular electrpnic device comprises an organic light emitting diode device. 

21. A metbod of fabricating a moleoular electronic device, the method comprising: 
faT5ricating a substrate having a plurality of banks defining wells for the 

deposition of molecular material; and 

depositing molecular electronic material into said wells, dissolved in a solvent, 

using a droplet deposition technique, to fabricate said device; 
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wbexein a said bank has a face, defining an edge of said well at an mgji^ to a 
base of the well of greater than a contact angle of $aid solvent wifli said bank face; aad 
wherein said naefhod further comprises depositing droplete of dissolved molecular 
electronic material into a said well such that they incompletely cover the base of the 
well and are spread to cover the base of the well by capillary action, 

22. A method of fabricatiag a moleoular electrotiic device, the method oomprising: 
fabrioatijog a substrate having a plurality of banks definmg weDs for the 

deposition of molecular material^, a said well having a well base area and a well 

penmeter, a said bank having a face, defining m edge of a said well, at an angle to a 

base of the well; and 

depositing molecular electronic material into said wells> dissolved in a solvent, 

using a droplet deposition technique^ to fabricate said, device; 

wherein said bank angle and a ratio of said well peirime<i$r to ssdid well base area 

are selected such that a droplet deposited on or adjacent a said well edge is spread by 

wcking along said well edge. 

23- A method as claimed in claim 22 wherein deposition into a comer of a said well 
occurs by wicking. 
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